Abstract: Whether spirochetes persist in affected host tissues and cause the late/chronic manifestations of neurosyphilis was the subject of long-lasting debate. Detection of Treponema pallidum in the brains of patients with general paresis established a direct link between persisting infection and tertiary manifestations of neurosyphilis.
INTRODUCTION
Whether spirochetes persist in host tissues and play a direct role in late/chronic manifestations of tertiary syphilis was the subject of long debate. Failure to detect Treponemapallidum (T. pallidum) in infected tissues has contributed to the general concept that in the progressive degenerative process, although of syphilitic origin, spirochete infection does not play an active role. Neuropathological demonstration of T. pallidum in the brains of general paretic patientssolved the debate and defined that spirochetes play a direct role in the neuropsychiatric manifestations of late/chronic neurosyphilis. Today, the same question is in the center of debate with respect to Lyme disease. The goal of this study was to review historic data related to the debate on syphilis and compare the established pathological features of chronic or late neurosyphilis with those available on late/chronic Lyme neuroborreliosis. If the main tertiary forms occurring paresis. It was through his reports that the importance of syphilis in several degenerative disorders has been recognized. Other authors came to the same conclusion [H 4H ,
The etiologic agent of syphilis was discovered by Schaudinn and Hoffmann in 1905 [H 6H ]. They detected T. pallidum, a thin, tightly spiral organism, in syphilitic lesions. This spirochete,which is about 6-20m x 0.1-0.2m in size, is transmitted by sexual contact. It is the frequency of positive Wassermann reaction in general paresis, which has raised the etiological importance of syphilitic infection in the late/chronic neuropsychiatric manifestations of neurosyphilis. The lack of successful detection of T. pallidum in infected tissues has raised the question, whether T. pallidum may contribute to the tertiary neuropsychiatric manifestations of syphilis. This resulted in a strong division of opinions in the medical and scientific communities.
Kraepelin [H 7H ] was among those who suggested that syphilitic infection is essential for the late appearance of general paresis. He claimed that general paresis is nothing more than a particular form of tertiary syphilis. In accordance, Oppenheim [H 8H ] asserted that there is a variety of meningoencephalitis, which manifests itself in the form of acute psychosis accompanied by meningeal symptoms. In opposition, others considered that general paresis is not a specific syphilitic disease of the brain and its simultaneous occurrence with syphilitic infection is a pure coincidence [H 9H ].
The infectious origin of general paresis has been recognized 100 years ago when Noguchi and Moore [H 10H ] showed the persistence of T. pallidum in the brains of patients suffering from general paresis. Their observation provided the proof that the disease is indeed a form of persisting syphilitic infection, specifically a chronic meningoencephalitis (meningoencephalitis paralytica) caused by the direct invasion of the brain parenchyma by T. pallidum. Since Noguchi and Moore, many authors detected T. pallidum in general paretic brains [H 11-17H ] . It was detected in affected tissues in late/chronic syphilis accompanied by various clinical manifestations [H 18H ]. Today it is established that T. pallidum is responsible for the various chronic neuropsychiatric disorders appearing months, years or decades following the primary syphilitic infection and that the spirochete is present in the lesions it causes [H 18H , H 19H ].
PATHOLOGY OF NEUROSYPHILIS
Although, it is known that once T. pallidum enters the body the infection is continuous, based on the main clinical and pathological manifestations they were divided into three stages ( Table 1) . A primary stage with the typical chancre, a generalized secondary stage as the consequence of haematogenous dissemination of spirochetes and a late, chronic or tertiary stage appearing months, years or even decades following the primary infection. "Chronic" and "late" neurosyphilis are substitutes to define tertiary neurosyphilis [H 20H ].
Primary Stage
The primary chancre develops within 2 to 6 weeks at the inoculation site, in the form of a painless ulcer from few millimeters to several centimeters in diameter. Spirochetes disseminate throughout the bloodstream within 48 hours after inoculation, before the appearance of the chancre. The chancre is shortly followed by a regional lymphadenopathy. The pathology of the chancre consists of an ulcerated lesion with mostly perivascular lymphoplasmocytic infiltrates. The inflammatory cells are predominantly lymphoplasmocytic. T pallidum can be detected in the chancre. Recovery of spirochetes from the circulating blood has also been reported in primary syphilis. Healing is complete in about 6-8 weeks. It is followed by an early latent stage of several months up to 1 year.
Secondary Stage: Meningeal or Early Neurosyphilis
The typical secondary lesions appear about 6 -7 weeks after primary infection and result from the dissemination and proliferation of T. pallidum throughout the body. Arthritis, cardiac and meningeal involvement, mono or polyneuritis of peripheral and/or cranial nerves, iritis together with anterior uveitis are the most characteristic features. Eruption of the skin and mucous membranes, sore throat and generalized adenopathy may also occur.
T. pallidum can reach the central nervous system (CNS) via haematogenous dissemination, via the lymphatic system or spreading along nerve fibers. Meningitis occurs in about 10 percent of the patients, but pleocytosis and increased protein level have been found in the cerebrospinal fluid 
b. General Paresis
In general paresis, the brain tissue is invaded by T. pallidum and the resulted chronic meningoencephalitis reflects widespread primary parenchymal damage. It generally progresses over several months, years or decades. The symptoms depend on the site, extent and severity of 
U Infiltrative Form of General Paresis
In the infiltrative form strong lymphoplasmocytic infiltrates dominate (see for an illustration Fig. (1) , page 871 of reference [H 23H ]). In some early cases, especially those dying in convulsive attacks, heavier cuffs of lymphocytes and plasma cells are present around smaller cortical arteries and larger cortical venules. Similar infiltrates are also frequent in the leptomeninges. The number of spirochetes in the infiltrative form is low, but with careful analysis one can find them in the affected brain.
U Atrophic Form of General Paresis
The atrophic form of general paresis, called also "stationary paralysis" is clinically characterized by slowly progressive dementia, and pathologically by diffuse cortical atrophy. The cell-mediated immune response is generally poor, but even in the absence of lymphoplasmocytic infiltrates the brain parenchyma can be severely affected. The cortical atrophy is predominantly frontotemporal. Severe neuronal loss is accompanied by reactive cortical microgliosis and astrocytosis. In this atrophic form, the number of spirochetes is high [ The diagnosis of general paresis is based on the characteristic clinical, pathological and serological findings, and on the detection of T. pallidum in the CSF or in the affected brain. It is generally accepted that the "folie de grandeur" and other neuoropsychatric aympotoms in general paresis are all attributed to the spirochetal infection of the brain [H 19H ] . Other neuropsy chatric symptoms The duration of this form may be from several years to several decades.
c. Tabesdorsalis
Tabes dorsalis is another form of parenchymatous neurosyphilis. The spinal cord damage involves principally the dorsal root ganglia with secondary degeneration of posterior nerve roots and posterior columns. 
Pathology of Lyme Neuroborreliosis
The clinical and pathological manifestations of Lyme disease similarly to those of syphilis can be divided into 3 stages ( Table 2) .
Primary Stage of Lyme Disease
The initial expanding annular rash of erythema migrans is the site of primary infection. The inflammatory reaction consists of lymphoplasmocytic infiltrates around dermal vessels and B. burgdorferi can be detected in the lesion. As in syphilis, it is followed by an early latent stage of several weeks to months.
Secondary Stage: Early Lyme Neuroborrelisosis
The nervous system is involved in 10% 
a. Meningovascular Lyme Neuroborreliosis
The clinical manifestation of meningovascular Lyme neuroborreliosis is that of a progressive stroke [H 47H , H 104-106H ]. The occurrence of meningeal vasculitis with multiple stenosis of large cerebral arteries with secondary cerebral infarcts in the territories of middle and posterior cerebral arteries, basilar and anterior spinal arteries have been patient with subacute encephalitis, brain biopsy specimen showed microgliosis without lymphoplasmocytic infiltrate and spirochetes morphologically compatible with B. burgdorferi were present [H 148H ]. Large areas of myelin loss in periventricular white matter areas were also described. In these pathologically confirmed cases, the role of B. burgdorferi infection was supported by the clinical and pathological findings, the positive serum and CSF serology, the increased number of CSF inflammatory cells and by the detection of spirochetes at lesion sites.
U Atrophic Form of Lyme Meningoencephalitis
The main symptomatology of the atrophic form of Lyme meningoencephalitis, as in syphilis, is cognitive decline. 
In three patients, with slowly progressive dementia, where B. burgdorferi was cultivated from the brain two had positive CSF serology. The pathological changes and the distribution of spirochetes were identical to those of T. pallidum in the atrophic form of general paresis [H 34H , H 68H , H 125H ]. The main pathological changes consisted of diffuse cortical atrophy with frontotemporal predominance, severe neuron loss [H 68H ] and microglial and astrocytic proliferation. The spirochetes were restricted to the cerebral cortex and were numerous (Fig. 3) . The diagnosis of the atrophic form of Lyme meningoencephlitis is based on the typical clinical and pathological findings, on the positive serology, on the cultivation of B. burgdorferi from the cerebral cortex, and on the identification of species-specific antigens and genes in the brain [H 68H ]. Positive identification of the cultivated spirochetes as B. burgdorferi was confirmed by phylogenetic analysis of 16SrRNA [H 68H ].
One should consider, that as in syphilis rare cases with parenchymal involvement could also occur in early stages of the disease. Mixed forms of early and late/chronic manifestations or those of various late/chronic forms occur.
It is also noteworthy, that regressive evolution of cerebral infarct in meningovascular Lyme neuroborreliosis and improvement or disappearance of neuropsychiatric symptoms in Lyme encephalitis following antibiotic treatment were reported by many authors [H 42H , H 52H , H 53H , H 59H , H 82H , H 85H , H 89H ,
Pathomechanisms Involved
Spirochetes are known to be strongly neurotropic [H 160H ]. CD14 and Toll-like receptors (TLRs) bind spirochetal surface proteins [H 161H , H 162H ] and through TLR signaling stimulate macrophages and microglia to secrete chemokines and cytokines and express various proinflammatory molecules in order, to remove invading spirochetes and damaged host cells. Spirochetes or their surface lipoproteins induce acute phase proteins serum amyloid A (SAA) and C Reactive Protein (CRP) and tumor necrosis factor (TNF) production [H 163H ], which play an important role in the systemic and local inflammatory changes that characterize spirochetal infections. Spirochetes are capable of activating both the classical and alternative complement pathways and employs a broad range of strategies to survive in the host. Fig. (1) . 
CONCLUSION AND FUTURE DIRECTIONS
Whether spirochetes persist in the affected host tissues and are responsible for the chronic/late manifestations of neurosyphilis was the subject of strong debate in the history of medicine. The evolution was slow until they concluded, based on clinical, serological and pathological observations, that the tertiary manifestations of the disease have a syphilitic infection as origin and T. pallidum plays a direct role in the clinical and pathological manifestations of late/chronic neurosyphilis [1, 19] . It is the detection of T. pallidum in general paresis, which ended the debate. The answer came from the fields of neurology, psychiatry and neuropathology because of the distinct clinical and pathological features of secondary and tertiary neurosyphilis. Meningitis, cranial and/or peripheral neuritis are the most frequent manifestations of secondary or early neurosyphilis in contrast to the parenchymal involvement of late/chronic neurosyphilis (meningovascular syphilis, general paresis and tabes dorsalis).
The same questions are contested today with respect to Lyme disease. The patient should be thoroughly evaluated for the confirmation or exclusion of Lyme disease. In optimal conditions the confirmation of late/chronic Lyme neuroborreliosis should be based on the characteristic clinical symptoms on the serological and pathological findings, on the cultivation or detection of spirochetes or their specific antigens or DNA in the affected tissues or body fluids. In cases with suspicion of Lyme neuroborreliosis, following exclusion of the involvement of the nervous system, exclusion of other peripheral infection is also important. Co-infections can aggravate the clinical and pathological manifestations of the disease and should be considered. Other chronic infections and medical conditions that could explain the symptoms should be carefully considered as well.
It is known that antibiotic therapy is less efficient in chronic neurosyphilis and Lyme neuroborreliosis, however, syphilis was almost eradicated by the use of Penicillin and improvement in neuropsychiatric symptoms or complete recovery of patients suffering from late/chronic neurosyphilis and Lyme neuroborreliosisis was frequently reported. These observations are also indicative of ongoing infection and point to the necessity of careful consideration of B. burgdorferi in the etiology of stroke, dementia, mood disorders and the various other neuropsychiatric symptoms associated with Lyme disease. They also underline the necessity of treatment.
Special attention should be paid to the clinical, serological, and CSF findings compatible with B. burgdorferi infection, as successful treatment of early Lyme disease [H 53H ] can prevent the expensive and devastating consequences of late/chronic Lyme disease. B. burgdorferi in a similar way to T. pallidum, invades various cells including neurons and glial cells. As the spirochete can locate intracellularly and survive in more resistant pleomorphic forms [H 34H ], for an efficient eradication of the infection, combined antibiotic treatment for a longer period of time should be considered, in a similar way that it is established for the treatment of tuberculosis and leprosy. Because of the potential side effects of antibiotics further studies for highly efficient alternative treatments, are critical.
As cortisone was a common way to reactivate syphilitic infection in experimental animals [H 19H ] the use of corticosteroids or other immunosuppressive therapy alone is not recommended. Presently, antibiotic treatment is the therapy of choice to kill spirochetes.
Importantly, the existence of late Lyme disease is approved by all official guidelines in the U.S., Canada and Europe. The terms "late" and "chronic" Lyme disease, as in syphilis, are synonymous and define tertiary Lyme disease [H 20H , H 125H ]. The use of "chronic" Lyme disease as a different entity is inaccurate and confusing.
Further research, exchange of knowledge and open discussions in the medical and scientific communities at an international level are essential to solve faster all the questions, which still remain to be answered with respect to Lyme disease.
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